GRANT  NUMBER  DAMD17- 94  - J-4323 


TITLE:  Tumor- Specific  Immunotherapy  of  Mammary  Cancer 


PRINCIPAL  INVESTIGATOR:  Dr.  Suzanne  Ostrand-Rosenberg 


CONTRACTING  ORGANIZATION:  University  of  Maryland 

Baltimore  County 
Baltimore,  Maryland  21228-5398 


REPORT  DATE:  September  1998 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR :  Commander 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Frederick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  public  release; 

distribution  unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


f 9990902  090 


t 

REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information  including  suggestions  for  reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  Tor  Information  Operations  and  Reports.  1215  Jefferson 
Duvis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 

1 .  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

September  1998  Annual  (17  Aug  97  -  16  Aug  98) 

4.  TITLE  AND  SUBTITLE  - 

Tumor-Specific  Immunotherapy  of  Mammary  Cancer 

5^  FUNDING  NUMBERS 

DAMD17-94- J-4323 

6.  AUTHOR(S) 

Dr.  Suzanne  Ostrand-Rosenberg 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  Maryland  Baltimore  County 

Baltimore,  Maryland  21228-5398 

8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Commander 

U.S.  Army  Medical  Research  and  Materiel  Command 

Fort  Detrick,  Frederick,  MD  21702-5012 

10.  SPONSORING/MONITORING 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  (Maximum  20Q.  ....  X1  ,  ... 

For  many  patients  with  mammary  cancer  the  primary  tumor  can  be  successfully 
treated  by  surgical  removal,  however  the  long-term  prognosis  is  not  favorable  because  of 
the  high  frequency  of  metastatic  disease  which  is  not  treatable  by  current  approaches. 

Our  goal  is  to  develop  vaccination  strategies  to  minimize  metastatic  disease.  We 
postulate  that  an  improvement  in  the  generation  of  mammary  carcinoma-specific  CD4+  T 
helper  lymphocytes  will  facilitate  development  of  CD8-mediated  tumor  immunity.  To 
enhance  the  activation  of  CD4+  T  helper  cells,  autologous  mouse  mammary  tumor  cells 
have  been  transfected  with  syngeneic  MHC  class  11  genes  plus  costimulatory  and  antigen 
presentation  accessory  molecules,  including  B7-1,  B7-2,  IL-1  or,  and  the  superantigen, 

SEB.  The  genetically  modified  tumor  cells  should  be  able  to  directly  present  mammary 
tumor  peptides  to  CD4+  T  cells,  thereby  facilitating  T  cell  activation.  Transfectants  are 
being  tested  for  their  tumorigenicity,  for  their  ability  to  protect  tumor-free  mice  from 
subsequent  exposure  to  mammary  tumor  cells,  and  for  their  ability  to  vaccinate  against 
spontaneous  metastatic  disease. 

14.  SUBJECT  TERMS  gene  Therapy,  Tumor  Immunology,  Major 
Histocompatibility  Complex,  Class  II  Genes,  T  Helper 

Lymphocyte  Activation,  Mammary,  Immunotherapy,  Breast  Cancer 

15.  NUMBER  OF  PAGES 

15 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

Unclassified  Unclassified  Unclassified 

20.  LIMITATION  OF  ABSTRACT 

Unlimited 

NSN  7540-01-280-5500  Standard  Form  298  (Rev.  2-89) 


Prescribed  by  ANSI  Std,  Z39-18 
298-102 


FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are 
those  of  the  author  and  are  not  necessarily  endorsed  by  the  U.S. 
Army. 


_  Where  copyrighted  material  is  quoted,  permission  has  been 

obtained  to  use  such  material. 


_  Where  material  from  documents  designated  for  limited 

distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material. 


_  Citations  of  commercial  organizations  and  trade  names  in 

this  report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations . 


sdL 


In  conducting  research  using  animals,  the  investigator (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,"  prepared  by  the  Committee  on  Care  and  use  of  Laboratory 
Animals  of  the  Institute  of  Laboratory  Resources,  national 
Research  Council  (NIH  Publication  No.  86-23,  Revised  1985). 


For  the  protection  of  human  subjects,  the  invest igator(s) 


adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 


In  conducting  research  utilizing  recombinant  DNA  technology, 
the  investigator (s)  adhered  to  current  guidelines  promulgated  by 
the  National  Institutes  of  Health. 


sok. 


[n  the  conduct  of  research  utilizing  recombinant  DNA,  the 
investigator (s)  adhered  to  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules. 


_  in  the  conduct  of  research  involving  hazardous  organisms, 

the  investigator (s)  adhered  to  the  CDC-NIH  Guide  for  Biosafety  in 
Microbiological  and  Biomedical  Laboratories. 


PI  -  Signature 


Date 


* 


Ostrand-Rosenberg,  S. 
DAMD1 7-94-J-4323 
Annual  Report,  9-15-98 

4.  TABLE  OF  CONTENTS 


(1)  Front  Cover 

1 

(2)  SF  298 

2 

(3)  Foreword 

3 

(4)  Table  of  Contents 

4 

(5)  Introduction 

5 

(6)  Body 

6 

(7)  Conclusions 

12 

(8)  References 

14 

(9)  Appendix 

NA 

4 


Ostrand-Rosenberg,  S. 
DAMD1 7-94-J-4323 
Annual  Report,  9-15-98 


(51  INTRODUCTION 

For  many  patients  with  mammary  cancer  the  primary  tumor  can  be  successfully 
treated  by  surgical  removal,  however  the  long-term  prognosis  is  not  favorable  because 
of  the  high  frequency  of  metastatic  disease  which  is  not  treatable  by  current 
approaches.  We  are  using  tumor-specific  immunotherapy  to  curtail  the  incidence  of 
metastatic  breast  cancer.  Some  of  the  most  efficient  anti-tumor  mediators  are  tumor- 
specific  CD8+  T  lymphocytes.  In  most  cases,  for  optimal  activity  CD8+  T  cells  require 
"help"  from  antigen-specific  CD4+  T  lymphocytes  [1-3].  Recent  studies  indicate  that  the 
inability  of  the  tumor-bearing  host  to  reject  tumors  may  be  due  to  a  lack  of  adequate 
tumor-specific  Th  lymphocytes  [3-6]  We  have  therefore  hypothesized  that  tumor- 
specific  Th  activity  can  be  significantly  improved  by  generating  tumor  cells  that  contain 
all  of  the  necessary  antigen  presentation,  accessory  and  costimulatory  molecules  such 
that  they  are  competent  for  tumor  peptide  presentation  to  CD4+  T  cells,  and  thereby 
facilitate  Th  cell  activation  (reviewed  in  [7]).  Such  genetically  engineered  tumor  cells 
could  be  used  as  vaccines  to  prevent  development  of  metastatic  breast  cancer,  and 
thereby  enhance  a  host's  tumor-specific  immune  response. 

Our  strategy  is  to  genetically  modify  tumor  cells  so  that  they  can  directly 
present  mammary  carcinoma  tumor  peptides  to  CD4+  T  helper  cells,  thereby  by¬ 
passing  the  requirement  for  professional  antigen  presenting  cells  and  making  more 
efficient  the  presentation  of  tumor  peptides  to  T  helper  lymphocytes  (reviewed  in  [7]). 
Accordingly,  in  the  first  specific  aim  we  are  using  DNA-mediated  gene  transfer 
techniques  to  generate  mammary  tumor  cell  transfectants  expressing  many  of  the 
molecules  constitutively  expressed  by  professional  antigen  presenting  cells  (APC). 
These  molecules  include  the  peptide  binding  structures  or  MHC  class  II  molecules,  as 
well  as  several  costimulatory  molecules  which  have  been  shown  to  deliver  the 
requisite  second  signal  for  T  cell  activation.  The  costimulatory  molecules  to  be  used 
include:  B7-1  [8,  9],  B7-2  [10]  and  4-1 BB  ligand  [11-13].  4-1 BB  ligand  is  a  very 
recently  described  costimulatory  molecule  that  is  expressed  by  professional  APC  such 
as  macrophages  and  B  lymphocytes.  Binding  of  4-1  BB  ligand  to  its  counterreceptor  4- 
1BB  on  CD4+  and  CD8+T  cells  transmits  a  potent  costimulatory  signal  to  the  T  cells 
resulting  in  T  cell  activation.  Since  4-1  BB  ligand  appears  to  function  independently  or 
synergistically  with  other  costimulatory  molecules  [1 1]  it  appears  to  be  an  excellent 
candidate  for  coexpression  with  B7  genes  for  enhancing  tumor-specific  immunity. 
Mammary  tumor  cells  expressing  the  cytokines  IL-1[14]  and  IL-12  [15, 16]  potent 
inducers  of  Th2  and  Th1  lymphocytes,  respectively,  are  also  being  generated.  In 
addition,  the  gene  encoding  the  bacterial  superantigen,  SEB,  a  potent  polyclonal  T  cell 
activator  [17],  is  being  transfected  into  the  mammary  tumor  lines. 
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In  the  second  specific  aim  we  are  determining  the  tumorigenicity  of  the 
transfectants,  and  their  ability  to  protect  the  syngeneic  host  against  subsequent 
challenges  of  wild  type  tumor.  We  will  also  determine  the  ability  of  the  transfectants  to 
"rescue"  mice  carrying  established  wild  type  mammary  tumors,  and  identify  the  helper 
and  effector  lymphocytes  functional  in  mammary  tumor  rejection.  In  the  third  specific 
aim  we  are  determining  if  metastatic  mammary  cancer  can  be  reduced  or  prevented  by 
immunization  or  concomitant  treatment  with  the  tumor  cell  transfectants.  This  novel 
tumor-specific  immunotherapy  approach  should  significantly  improve  the  host's  immune 
response  to  autologous  breast  tumor,  and  may  provide  several  potential  strategies  for 
immune  intervention  in  metastatic  mammary  cancer. 

6.  BODY 

During  years  1-3  of  this  grant  (Aug.  1994  -  July  1997)  we  produced  and 
tested  several  first  generation  cell-based  vaccines  for  their  ability  to  limit  the 
growth  of  established  metastatic  mouse  mammary  carcinoma.  These  first 
generation  vaccines  consist  of  autologous  tumor  cells  transfected  with  syngeneic 
MHC  class  II  genes  plus  costimulatory  genes.  These  vaccines  had  some 
immunotherapeutic  efficacy  in  that  approximately  60%  of  mice  treated  with  the 
vaccines  showed  significant  decreases  in  metastatic  tumor.  During  the  4th  year  of 
the  grant  (Sept.  1997-August  1998),  we  have  produced  and  tested  a  second 
generation  vaccine.  This  vaccine  includes  additional  genes  that  facilitate  antigen 
presentation  to  CD4+  T  cells  (superantigen  SEB  gene)  and  is  more  effective  than 
the  first  generation  vaccine.  We  have  also  further  refined  the  mouse  model 
system,  the  4T1  mammary  carcinoma  so  that  our  test  system  more  closely  models 
the  clinical  sttting.  In  addition,  we  have  tested  the  IL-1a  transfectants  generated 
during  the  3rd  year  as  immunotherapuetic  agents.  Unfortunately,  these  cells  are 
not  efficacious  therapy  reagents.  Since  our  second  generation  vaccines  are  so 
effective  in  our  mouse  model  we  are  exploring  methods  for  adapting  this  treatment 
to  the  clinic. 

The  mouse  477  mammary  carcinoma  spontaneously,  metastasizes  to  the 
lungs £  livery  brahh  lymph  nodes ,  and  blood,  ofmice  with  a  primary  mammary  fad 
Bid  tumor.  Since  mammary  tumors  in  humans  frequently  metastasize  to  a  variety 
of  sites  in  the  body,  we  have  tested  if  the  4T1  mouse  mammary  carcinoma  shows 
a  similar  metastatic  phenotype.  Female  BALB/c  mice  were  inoculated  in  the 
mammary  fat  pad  with  varying  doses  of  live  4T1  cells.  At  weekly  intervals 
beginning  2  weeks  after  tumor  challenge,  mice  were  sacrificed  and  the  lungs,  liver, 
blood,  brain,  and  draining  lymph  nodes  removed  and  tested  by  the  clonogenic 
assay  for  metastatic  cells.  As  shown  in  Figure  1,  by  2  weeks  after  initial 
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inoculation  4T1  tumor  cells  have  metastasized  to  the  draining  lymph  nodes  and 
lungs,  and  by  week  4  they  have  metastasized  to  the  blood,  liver,  and  brain.  We 
conclude  from  these  data  that  4T1  metastasizes  very  early  after  primary  tumor 
inoculation  and  that  the  pattern  of  metastasis  is  very  similar  to  that  of  human 
breast  cancers.  These  results  further  support  the  validity  of  using  the  4T1  mouse 
mammary  tumor  as  an  animal  model  for  human  disease. 


We  have  produced  2nd 
generation  cell-based  vaccines 
consisting  of  autologous  tumor,  cejls 
transfected,  with  syngeneic  MHC 
class  II.  CD 80.  and  SEB  genes. 
Superantigens,  such  as  SEB,  are 
polyclonal  activators  of  T 
lymphocytes  and  have  been  shown 
to  activate  tumor-specific  T  cells 
[17].  We  have,  therefore,  reasoned 
that  4T1  tumor  cells  expressing  the 
SEB  gene  should  be  effective  cell- 
based  vaccines  for  activating  tumor- 
specific  T  lymphocytes.  The  gene 


Tumor  Diameter  (mm)  at  Harvest 


Figure  1:  4T1  tumor  cells  spontaneously  metastasize 
to  the  lungs  (panel  A),  liver  (panel  B),  blood  (panel  C), 
brain  (panel  D),  and  LN  (panel  E).  BALB/c  mice  were 
inoculated  in  the  mammary  fat  pad  with  5  X  1 03  wild 
type  4T1  cells  and  sacrificed  at  2-7  weeks  after  initial 
tumor  challenge.  The  number  of  metastatic  cells  was 
determined  using  the  clonogenic  assay. 
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cloning  and  SEB  secretion  of  these 
cells  were  described  in  last  year's  progress 
report.  We  have  now  performed 
immunofluorescence  analysis  to 
characterize  these  cells  with  respect  to 
MHC  class  I,  class  II,  and  CD80  expression. 
As  shown  in  Figure  2,  the  4T1/Ad/SEB 
transfectants  express  MHC  class  II 
molecules  and  the  4T1/Ad/B7.1/SEB 
transfectants  express  MHC  class  II  +  B7.1 
(CD80)  molecules.  All  4T1  cells  express 
MHC  class  I  molecules. 

The  second,  generation  vaccines  are 
effective  [mmunotherasaMtic  agents  for,  ths. 
treatment  ot  mice  with  established 
metastatic  disease  and,  primary  tumors •  To 
compare  the  second  generation  vaccines  to 
our  initial  vaccines,  we  have  inoculated 


Figure  2.  Flow  cytometry  analysis  of  4T1  transfectants 
stained  for  MHC  class  I,  MHC  class  II,  and  B7. 1 


BALB/c  mice  in  the 
mammary  fat  pad 
with  wild  type  4T1 
tumors,  and 
approximately  3 
weeks  later  begun 
therapy  with  the  SEB 
transfectants.  Figure 
3  shows  the  results 
of  these  experiments 
and  demonstrates 
that  the  greatest 
reduction  in  number 
of  lung  metastases 
occurs  when  mice  are 
treated  with 
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Figure  3.  BALB/c  mice  with  established  spontaneous  wild  type  4T1  metastases  treated  with 
4T1/Ad/B7.1  +  4T1/SEB  transfectants  have  reducted  number  of  lung  metastases.  Mice  were 
inoculated  in  the  mammary  fat  pad  with  wild  type  4T1  and  therapy  with  transfectants  was 
started  approximately  3  weeks  later  when  primary  tumors  reached  the  indicated  sizes. 
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4T1/Ad/B7.1  +  4T1/SEB  transfectants.  It  should  be  noted  that  at  the  time  of 
initiation  of  immunotherapy,  the  mice  already  have  large  deposits  of  established 
metastatic  tumor  in  the  lungs. 

Following  surgical  removal  of_a  primary  4T1  breast  carcinoma.  BALB/c  mice 
develop  metastatic  disease.  Lethality  as  a  result  of  breast  cancer  in  women  is  due 
to  metastatic  disease,  not  primary  tumor,  since  primary  tumor  can  be  surgically 
removed.  We  have,  therefore,  developed  a  mouse  model  system  to  parallel  human 
disease  and  to  test  our  cell-based  vaccines  in  a  more  clinically  relevant  setting. 
BALB/c  mice  are  inoculated  in  the  mammary  fat  pad  with  7  X  103  4T1  tumor  cells. 
The  primary  tumors  are  allowed  to  grow  progressively  and  are  removed  surgically 
when  they  reach  approximately  2-8  mm  in  diameter.  The  post-surgery  mice  are 
then  followed  for  recurrence  of  primary  tumor  and  for  the  development  of 
metastatic  disease.  Approximately  80-85%  of  mice  undergoing  surgery  survive  the 
procedure  and  live  until  they  die  from  metastatic  disease;  primary  tumor  very  rarely 
occurs  at  the  site  of  surgery  {<2%  of  operated  mice).  Figure  4  shows  the  survival 
of  post-surgery  mice  as  a  function  of  primary  tumor  size  at  the  time  of  surgery. 
Mice  which  do  not  have  their  tumors  surgically  removed  die  at  approximately  day 
47  after  initial  implantation  of  tumor.  Note  that  regardless  of  tumor  size  at  surgery, 
the  post-surgery  mice  all  die  at  approximately  47  days  after  initial  inoculation  of 
primary  tumor  in  the  mammary  fat  pad.  This  observation  indicates  that  the  4T1 
tumor  metastasizes  very  early  after  implantation,  and  that  mice  die  from  the  cells 
that  metastasize  very  early  on.  These  results 
agree  well  with  our  previous  studies  which 
have  demonstrated  that  4T1  cells  rapidly 
metastasize  to  the  draining  lymph  node 
following  inoculation  of  primary  tumor  in  the 
mammary  fat  pad.  In  our  experimental 
system,  establishment  of  distant  metastases 
following  surgical  removal  of  primary  tumor 
is,  therefore,  comparable  to  the  clinical 
situation  where  women  develop  metastatic 
disease  after  removal  of  their  primary  tumor. 

Since  this  animal  model  appears  to  closely 
mimic  human  metastatic  disease,  we  will  use 
it  to  test  our  cell-based  vaccines. 

Theraov  of  post-surgery  mice  with  the 
second,  generation  4T1/Ad/B7. 7  ±4T1/SEB 
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UMIsfectants  significant  extends  mean  survival  time.  We  have  tested  the 
immunotherapeutic  potency  of  the  SEB  transfectants  in  syngeneic  BALB/c  mice 
following  surgical  removal  of  their  primary  tumor.  Mice  were  initially  inoculated 
with  7  X  103  wild  type  4T1  cells  in  the  mammary  fat  pad  and  the  tumors  allowed 
to  grow  for  approximately  3  weeks  until  they  ranged  in  size  from  2-6  mm  in 
diameter.  Primary  tumors  were  then  surgically  removed  and  beginning  one  week 
after  surgery  (4  weeks  after  initial  4T1  inoculation)  therapy  was  initiated.  Mice 
were  then  treated  once  a  week  for  3  weeks  with  irradiated  transfectants.  As 
shown  in  Figure  5  the  immunotherapy  regimen  with  4T1/Ad/B7.1  +  4T1/SEB 
transfectants  significantly  extends  mean  survival  time  as  compared  to  mice  treated 
with  wild  type  4T1  cells.  Previous  experiments  (data  not  shown)  demonstrate  that 
the  SEB/class  II/B7.1  transfectants  are  more  potent  than  transfectants  containing 
individual  genes. 

Since  our  cell-based  vaccines  give 
gmmMW  results  in  the  mouse  mode!  system , 
we  would  UM  to  extend  these  studies  to  human 
mammary,  cancer  patients.  As  a  prelude  to 
extending  our  vaccination  approach  to  women 
with  metastatic  breast  cancer,  we  are  screening 
human  mammary  cancer  cell  lines  for  an 
appropriate  line  to  use  as  the  "base”  line  for  the 
vaccine.  Since  it  is  not  feasible  (too  time 
consuming  and  too  costly)  to  use  autologous 
tumor  cells  for  the  vaccine,  we  will  identify 
candidate  established  human  breast  cell  lines 
that  could  be  genetically  modified  as  vaccines. 

Based  on  our  previous  studies  [18-20]  the 
optimal  vaccine  will  consist  of  tumor  cells  that 
constitutively  express  MHC  class  II,  but  do  not 
co-express  the  invariant  chain  (li)  gene.  The 
vaccine  must  be  MHC  class  II  semi-syngeneic 
with  respect  to  the  patient  being  trreated  so  that 
class  ll-restricted  CD4+  T  cells  are  activated. 

The  vaccine  must  also  express  a  tumor  antigen 
shared  with  the  patient's  tumor  antigen.  To  satisfy  these  conditions  we  are 
screening  established  human  breast  tumor  lines  for  cells  that  express  Her2/neu  and 
do  not  constutitively  express  MHC  class  fi  genes  and  are  not  inducible  for 
expression  by  interferon-y  since  IFN-y  also  induces  li  chain.  Candidate  cell  lines  will 


Figure  5.  Therapy  with  4TI/SEB  + 
4T1/Ad/B7.1  transfectants  significantly 
increases  mean  survival  time  of  mice  whose 
primary  mammary'  tumors  were  surgically 
removed.  Mice  were  inoculated  in  the 
mammary  fat  pad  with  7  X  I03  wild  type 
4T1  tumor  cells  and  tumors  allowed  to  grow 
for  3  weeks.  Primary  tumors  were  then 
surgically  removed  and  immunotherapy  with 
transfectants  was  started  one  week  later. 
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be  transfected  with  a  variety  of  common  human  HLA-DR  genes,  the  CD80  gene, 
and  the  SEB  gene.  Patients  will  be  candidates  for  receiving  this  vaccine  if  they 
have  her2/neu+  tumors  and  share  an  HLA-DR  allele  with  the  vaccine. 

In  our  preliminary 
studies  we  have  screened 
several  human  breast  tumor 
lines.  One  line,  SUM 
185PT,  kindly  supplied  by 
Dr.  Steven  Ethier  at  the  U. 
of  Michigan  via  a  DOD 
breast  cancer  grant,  meets 
our  criteria.  As  shown  in 
figure  6,  SUM185PT  cells 
do  not  express  MHC  class 
II  or  li  molecules  either 
constitutively  or  following 
exposure  to  100  or  1000 
units/ml  IFN-y.  As  shown 
in  figure  7,  the  SUM185PT 
cells  also  express  her2/neu 
antigen  as  measured  by 
flow  cytometry  using  an 
anti-Her2/neu  mAb. 

Since  the  SUM185PT 
cells  will  be  transfected  with  a  variety  of  genes  to  generate  the  cell-based  vaccine, 
we  have  also  tested  their  transfectability  using  a  variety  of  lipid  fusing  agents 
marketed  by  BRL  as  the  "Perfect  Transfection  Kit."  As  shown  in  figure  8,  several 
of  the  lipid-fusing  agents  mediate  transfection  and  transient  expression  of  a  plasmid 
containing  the  green  fluorescence  protein  (GFP).  We  are  optimistic  that  we  will  be 
able  to  generate  stable  transfectants  using  one  fo  these  lipid  fusing  agents. 

Although  studies  from  year  3  Indicated,  that  4T1  tumor  celts  expressing  the 
ILzlaj  gene  have  reduced,  tumoriaenicitv.  these  cells  have  not,  gmven  effective  as 
call-based  vaccines  for  the  treatment  of_  established,  metastatic  disease.  We  tested 


MHC  CLASS  II  MHC  CLASS  1  INVARIANT  CHAIN 


- WITH  IFN-y 

Figure  6.  The  human  breast  cancer  cell  line  SUM185PT  does  not 
constitutively  express  MHC  class  II  or  invariant  (Ii)  chain  molecules  and  is 
not  inducible  for  expression  by  IFN-gamma.  Cells  were  stained  by  indirect 
immunofluorescence  and  antigen  expression  monitored  by  flow  cytometry. 
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Figure  7.  Human  breast  cancer  cell  line  SUM185PT  expresses 
Her2/neu.  Cells  were  stained  for  Her2/neu  expression  using  the  c-erb2 
mAb. 


GFP  Staining 


. —  without  GFP  plasmid 
- with  GFP  plasmid 


the  therapeutic  efficacy  of  4T1/IL-1a 
transfectants  as  follows:  Syngeneic 
BALB/c  mice  were  inoculated  in  the 
mammary  fat  pad  with  wild  type  4T1 
tumor  cells  and  the  tumors  allowed  to 
grow  to  approximately  3-5  mm  in 
diameter  as  which  time  lung 
metastases  were  already  present. 
Tumor-bearing  mice  were  then  treated 
once  a  week  for  3  weeks  with 
irradiated  transfectants  and  the  number 
of  metastatic  cells  in  the  lungs  and 
liver  determined  by  the  clonogenic 
assay  after  3  weeks  of  treatment.  As 
shown  in  figure  9,  there  is  no  difference 
between  therapy  with  4T1/IL-1a  vs. 
therapy  with  wild  type  4T1  cells, 
indicating  that  the  IL-1a  transfectants 
have  no  significant  therapeutic  benefit. 
Similar  results  were  obtained  when  the 
IL-1a  transfectants  were  combined  with 
4T1/Ad  transfectants  (data  not  shown). 


Figure  8:  SUM185PT  human  mammary  cancer  cells  are  highly 
transfectable.  Cells  were  transfected  with  a  variety  of  lipid  fusing 
agents  and  a  plasmid  containing  the  GFP  gene.  Cells  were 
analyzed  for  GFP  expression  2  days  after  transfection  by  flow 
cytometry. 

adapted  it  to  more  closely  model  human 


7.  CONCLUSIONS: 

During  this  4th  grant  year  we  have 
further  refined  the  mouse  mammary 
carcinoma  4T1  tumor  system  and 
metastatic  breast  cancer.  We  have  used 


12 


Ostrand-Rosenberg,  S. 
•  DAMD1 7-94-J-4323 
Annual  Report,  9-15-98 


this  animal  model  to  test  our  second  generation  vaccines,  some  of  which  show 
potent  anti-metastatic  effects  in  vivo 
in  mice  with  spontaneous, 
established  metastatic  breast  cancer. 

Because  we  see  significant 
reductions,  and  in  some  cases 
elimination,  of  metastatic  disease  in 
treated  mice,  we  view  these  newly 
developed  cell-based  vaccines  as 
very  promising  immunotherapeutic 
agents.  We  have  begun  to  design 
strategies  for  extending  this 
therapeutic  approach  to  the  clinic  by 
screening  human  breast  cancer  cell 


4T1  Lung  Metastasis  *4T1Ther8py 

«MT  I /JJ.-I  a  Therapy 


0  1  2  3  4  5 

Mean  Tumor  Diameter  at  Beginning  of  Therapy  (mm) 


lines  for  suitable  "base”  lines  for  our 
cell-based  vaccines. 

Earlier  this  year  we  requested 
a  no-cost  extension  for  a  5th  year  for 
this  project.  This  request  was 
approved  so  we  will  be  continuing 
these  studies  through  August  1999. 
We  have  several  goals  for  the  final 
year  of  this  grant.  1 )  We  will 
continue  the  therapy  studies  and  try 


4T1  Liver  Metastasis 


■  4T1  Therapy 
•  4T1/H^»a  Therapy 


Mean  Tumor  Diameter  at  Beginning  of  Therapy  (mm) 


to  develop  3rd  generation  vaccines 
and  more  effective  protocols  for 
reducing  metastatic  disease  in  the 
mouse  4T1  model  system.  2)  Our 
initial  application  included  another 


Figure  9:  Immunotherapy  with  4Tl/IL-la  transfectants  does 
not  significantly  reduce  metastatic  disease.  B  ALB/c  mice  were 
inoculated  in  the  mammary  fat  pad  with  7  X  I03  wild  type  4T1 
cells  and  therapy  with  transfectants  and  control  cells  started 
when  tumors  were  2-6  mm  in  diameter.  Therapy  consisted  of  3 


set  of  transfectants  expressing  the  weekly  injections  of  irradiated  cells.  Number  of  metastatic  cells 
4-1 BBL  costimulatory  molecule.  in  the  liver  and  lung  was  determined  using  the  clonogenic 

Because  we  have  been  so  busy  with  assay 


the  SEB,  class  II,  and  CD80 


transfectants  we  have  not,  as  yet,  tested  the  4-1  BBL  transfectants.  We  hope  to 
test  these  novel  transfectants  during  the  coming  year.  3)  Since  some  of  the  cell- 
based  vaccines  have  potent  immunotherapeutic  activity,  we  will  identify  the 
immune  celts  that  mediate  metastasis  regression  in  these  therapy  settings.  These 
studies  will  expand  to  include  assays  of  NK  cells  NK1.1  Va14+  T  cells  that 
recognize  antigen  in  the  context  of  CD1  molecules,  and  standard  antibody  depletion 
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studies  for  conventional  CD4+  and  CD8+  T  lymphocytes.  We  feel  that  all  of  these 
cell  populations  are  potentially  involved  in  metastasis  regression  because 
preliminary  studies  indicate  an  increase  in  NK1.1+  and  NK1.1+CD3+  cells  and  an 
inability  of  CD4+  and  CD8+  T  cell  depletion  to  fully  reduce  the  therapeutic  effect. 

4)  We  will  continue  to  screen  human  mammary  cancer  cell  lines  for  candidate 
"base"  lines  for  translating  this  immunotherapy  approach  to  the  clinic.  We  have 
submitted  a  new  DOD  Army  Breast  Cancer  application  to  fund  these  basic 
research/translational  studies.  These  studies  will  include  generation  of  the  human 
cell-based  vaccines  and  their  in  vitro  testing  with  human  PBL's  from  mammary 
cancer  patients  to  determine  the  vaccines'  ability  to  stimulate  anti-tumor  immunity. 
We  anticipate  that  these  studies  will  provide  the  necessary  background  information 
for  a  clinical  trial  of  these  novel  vaccines  in  breast  cancer  patients. 
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